Achondroplasia has an estimated incidence of 1/26 000' and is the most prevalent chondrodysplasia. Although achondroplasia is generally considered to be associated with normal intelligence and, in most cases, normal longevity2 and thus to be compatible with a full and productive life, many authors have documented the varied medical and social complications that may conspire to compromise those prospects. The most serious is narrowness of the cervical canal or foramen magnum or both, which may cause cervicomedullary compression and consequent risk of death,2 'central apnoea, 4 and neurological signs and symptoms including paraparesis.5
Other of the more common complications include respiratory signs as a result of either a small chest4 6or upper airway obstruction,4 gross motor delay associated with macrocephaly, hypotonia, and joint laxity, frequent otitis media which may be accompanied by hearing loss and delayed speech,7 bowing of the legs which may require tibial osteotomies,5 hydrocephalus,9 and generally later onset neurological complaints because of spinal stenosis.' '0 Obesity may also occur" and has the potential to exacerbate both medical problems and the difficulties of psychosocial adaptation."2 13 Recognition that there are many potential complications for the patient with achondroplasia has led to efforts towards a multidisciplinary approach'4 and anticipatory management, '5 culminating in the position statement of the Committee on Genetics of the American Academy of Pediatrics (AAP).'6 Despite recognition of these varied problems, there are relatively few data as to their age dependent rates of occurrence. This paper reports a chart review of prospectively recorded data from 193 patients with achondroplasia, often supplemented by interview, which attempts to add to information about the age and incidence of a number of these complications and medical interventions.
Methods
The conduct of this study and details ofpatient ascertainment have been described previously. 6 The study was approved by the Research Ethics Review Committee of The Children's Hospital of Eastern Ontario. Most of the data presented in this study were abstracted from records in departments of genetics and from hospital charts, and in about 40% of cases was supplemented by direct interview (table 1) . The greatest number of patients were from Wilmington, DE, and while few of those patients were directly interviewed, it was the practice of that clinic to see the children every six months to the age of 6 years and yearly Fig 3 provides data on the incidence of speech problems. Virtually all speech delay and articulation difficulties are recognised between the ages of 2 and 5 years and reach a rate of 19 and 11% respectively, with about 10% of subjects receiving speech therapy. Fig 4 shows the rates at which patients were treated by orthodontics or were recorded as having a degree of malocclusion for which orthodontics were planned. The total of the two is also shown.
Fig 5 presents data on the frequency of intracranial shunts and whether they were carried out because of increasing head circumference or because ofneurological signs attributed to hydrocephalus. About 1 1% of patients received shunts and these tended to be performed early in childhood. Fig 6 shows that about 8% of children are reported as having apnoea by 1.5 years and that the rate continues to rise to about 16% by the teenage years. Foramen magnum and upper cervical surgery, which is often related to apnoea as a sign, is uncommon below 6 months and then continues to occur into adulthood with a cumulative rate of about 16%. Neurological signs attributed to the cervical area are shown in fig 7 .
Tibial bowing ( fig 7) is generally not recorded until after the child begins to walk and while the incidence appears to continue to rise into adulthood it seems likely that this represents a degree of under-recording at younger ages and thus late recognition. Fig 8 shows that patients with significant tibial bowing are subject to tibial osteotomy beginning in mid childhood and that the cumulative rate rises to about 17% with the occasional procedure being carried out in adulthood.
The rates of leg and back pain and neurological symptoms ofthe arms and legs are summarised in figs 8 and 9. The latter was taken to include parasthesias, claudication, numbness, and limitation in walking. Fig 10 presents Figure 4 Cumulative rate ofpatients reported as having orthodontics, malocclusion needing orthodontics, and the total of the two. Numbers within columns are the actual numbers affected over the numbers followed in that age category. Figure 5 Cumulative rate ofpatients reported as having shunts for either increasing hec size orfor neurological signs and the total of the two. Numbers within columns are the actual numbers affected over the numbers followed in that age category. few published data on the incidence of ti problem. Hall only 10% remained disease free by the age of 2 years. The respective figures for VT were 16%/a and 58%. The data suggest that about 7% ol patients have not suffered OM by the age of 3 years and that about 5% of achondroplastic patients may not experience OM. However, the placement of VTs continues throughout childhood so that only 22% of those patients over 10 years had not had VTs. Of the 60% who were infected within the first year of life, more than half had more than one infection and 24/99 had either several infections or were considered to have chronic OM. Multiple infections and chronic OM had their maximal impact during the first three years, although chronic disease continues to be a factor for a significant minority of patients, even beyond the age of 10. There appear to be more males than females with chronic OM. Table 3 also shows that 30/85 (35%) of 1-2 year olds and 26/70 (37%) of 2-3 year olds received at least one set of ventilation tubes and, while the rate per year fell with age, 47% of 5-10 year olds received at least one set of tubes. There is no reason to expect that the patients in this series would be selected by the occurrence of middle ear disease and, while it is possible that the known propensity for OM in achondroplasia may have led to some overdiagnosis, the data suggest that the incidence of OM and placements ofVTs is even higher that previously thought. This high rate of OM has been considered secondary to the orientation and size of the eustachian tube'9 as well as impaired nasal airflow and temporal bone abnormalities,7 although Pinelli et a!2 considered the latter rare in achondroplasia. Stura et at' provided evidence for cochlear anomalies as the cause for the mild sensorineural impairment they observed in three cases.
The cause of hearing loss in patients with achondroplasia is most often conductive but the rate of sensorineural impairment may also be increased."8 20 i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~4 i 0 Figure 9 Cumulative rate ofpatients reported as having back pain, neurological signs in the legs, and neurological signs in the arms. Numbers within columns are the actual numbers affected while those in brackets above the columns are the numbers followed in that age category.
patients were noted to have an orth problem and 40% received treatment. problems are significantly under-repo medical charts and these figures may re an underestimate of the problem. been shown that the average adult with achondroplasia has a foramen magnum that is equivalent to that of a newborn in transverse and that of a 2 year old in sagittal diameter.5 This reduced area is further compromised by anterior placement of the foramen which results in superior displacement of the brainstem, causing the upper cervical cord to traverse the foramen, and concurrent hyperextension of the brainstem, even at a neutral head position. 25 Cervicomedullary compression is considered to account for a significant proportion of the early excess mortality,2 28 apnoea,42' and progressive paraparesis5 21 in achondroplasia. Hurko et al25 raised the provocative notion that it might play a role in the virtual universal early hypotonia and motor delay seen in affected infants.
There are not universally agreed upon criteria for operative intervention in the face of assumed symptomatology resulting from cervicomedullary compression. Rates of intervention as high as 34 6) . The rates of apnoea, neurological impairment of the arms, or neurological signs attributed to the cervical region are summarised in figs 6, 9, and 7, respectively. For two of the 21 patients who underwent cervicomedullary decompression, the indication was not recorded. Of the remainder, nine were recorded as having cervical signs, four apnoea, one with both, three with neurological impairment of the arms and legs, and two with impairment limited to the legs. The latter two groups tended to be older. TIBIAL BOWING Tibial bowing is considered to be a hallmark of achondroplasia and is one of three anomalies of the structure of the knee, which also include tibial genu recurvatum and lateral torsion. ' (fig 9) pain (including the buttock) may be early presenting signs of spinal stenosis. The leg pain in early childhood is more likely a consequence of local changes at the knee, secondary to fibular overgrowth.3'2 Kopits3" claims that 70% of children with achondroplasia aged 4 to 10 years have leg pain. This is far higher than the rate recorded here and may represent some selective bias to a surgical practice. By the age of 12 years, only 20% of children were recorded as having leg pain but this had risen to almost 50% by adulthood with most of the increase probably the result of symptomatic spinal stenosis. Less than 10% of 10 year olds had neurological signs related to their legs but this rises to 20% by the end of the teens and to 80% by the 50s. Back pain showed a fairly parallel rate of onset (fig 9) . The numbers in the adult intervals are small and there could be some selection bias in seeking follow up.
Comparison with published series is highly age dependent. Hall'5 quotes a 1974 LPA survey where 20-30% ofpatients reported symptoms of stenosis and 10% were considered to require surgery. Bethem et al°reported that 7/30 of their patients with achondroplasia had claudication or flaccid paralysis because of spinal stenosis. Nelson36 reported three series of patients. In a historic group, 38/51 patients below the age of 15 were asymptomatic, two had back pain, and 11 a significant kyphosis. Three of seven between 15 and 29 years had neurological signs and one had back pain. All 12 patients over the age of 30 had neurological signs. The second survey comprised questionnaire replies about back pain from 67 members of the Association for Research into Restricted Growth (ARRG). Nineteen of 27 males aged 12 to 65 years, and 31 of 40 females aged 12 to 75 years had back pain. In a personal series of 37 patients (four with hypochondroplasia), seven had back pain alone and 10 had symptomatic spinal stenosis.
Conclusion
This study showed an encouraging trend to earlier diagnosis of achondroplasia and provided data on the rates of some of the more common health concerns. Middle ear disease, with its attendant risk of hearing loss, was even more frequent than previously reported, and while a significant minority of patients experienced delay in the acquisition of speech or articulation difficulties or both, only a minority of those received speech therapy. The identification and treatment of orthodontic problems was significantly delayed and the need probably under-recognised. The rate of early cervicomedullary decompression was comparable to reported series, but it appears that an equivalent proportion of patients require such intervention beyond childhood.
The patients reported in this series were cared for at a time before the promulgation of guidelines for care, such as those of the American Academy of Pediatrics,"6 and before the trend to mutidisciplinary clinics. However, most such efforts have a paediatric focus. Our data have shown that a significant number of patients have neurological complaints by their teens and that this becomes the majority in adulthood. During these years, care is often fragmented with little emphasis on prevention and early intervention. During the study many adults were interviewed who had major physical limitations and pain which seriously affected their quality of life. It is a clear challenge for the future to improve the care provided to these people.
